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Soil crust cyanobacteria from three tea gardens of Mirik, Kurseong and Darjeeling located at different altitudes of 
Darjeeling district (West Bengal, India) in Himalayas, were studied. A total of 16 cyanobacteria were isolated in pure 
culture and identified. Major taxa in all soil crusts from three locations were under the genus Calothrix. 16S rRNA 
sequencing of three dominant species of Calothrix were performed and the sequences were submitted to National Center for 
Biotechnology Information (NCBI) GenBank and the accession numbers were KF499103, KF499104 and KF499105. 
Phylogenetic analysis with other similar organisms isolated across the globe showed their relatedness with Calothrix 
species. Absorbance spectra of 90% (v/v) methanolic extracts of the crusts and their major organisms in culture showed the 
presence of ultra-violet (UV) sunscreen pigment scytonemin and mycosporine like amino acids (MAAs). 
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Introduction 
Soil algae and cyanobacteria in biological soil crusts 
play a major role in soil fertility because of their 
nitrogen and carbon fixing potential
1-5
. Biological soil 
crusts (BSCs) are the uppermost surface of soil where 
activity of algae and cyanobacteria result in stabilization 
of soil surface, reduction in erosion and retaining 
moisture thus providing suitable habitat for growth of 
other higher plants
6-7
. Although cyanobacteria of BSC 
colonize on a variety of substratum ranging from 
exposed rock to hot desert, arid areas, forest soils and 
rice fields
8-10
, no systematic study has been under taken 
on soil crust algae of tea gardens following 
morphological and molecular approach. Tea is a 
perennial monoculture cash crop which makes its 
ecosystem different from other cultivated crop fields. 
Tea cultivation produces a montane biome on the slopes 
of eastern Himalayas up to 2000 m altitude of Darjeeling 
ranging from the undulating flat lands of Dooars and 
Assam region of north eastern India. Darjeeling is a 
United Nations Educational, Scientific and Cultural 
Organization (UNESCO) world heritage site for the 
world’s third highest peak ‘Mount Kangchenjunga’ and 
‘Darjeeling Himalayan Railway’. This area is popularly 
known as ‘Queen of Hills’ and is also famous across the 
globe for its muscatel flavored tea. The flavor of tea is 
recognized as a geographical indicator due to its 
cultivation in unique agro-climatic conditions of the 
region. 
Cyanobacterial communities of tea gardens like other 
exposed soils, face various abiotic and biotic stresses
11
. 
In response to such stresses these organisms develop 
different mechanisms such as variation in morphological 
and molecular changes, and production of various 
secondary metabolites. Presence of thick sheath 
around the filaments, content of scytonemin and 
mycosporine like amino acid (MAA) pigments  
within the sheath
12-14 
and exopolysaccharides (EPS) 
production were also the stress tolerance mechanisms 
for cyanobacteria
15-18
. Scytonemin is a yellowish 
brown pigment present in cyanobacterial sheath 
mostly studied in terrestrial forms which absorbs the 
UV-rays of the solar radiation and thus protect the 
organism from the deleterious effect
19
. It is a dimeric 
endole phenolic compound, studied well in different 
strains of cyanobacteria in culture as well as in natural 
population
20-21
. Because of the ecological importance 
and novelty of the compounds for pharma industries, 
it engrossed scientific research on exploration of 
different cyanobacteria in stressful habitats. There are 
several cyanobacteria and microalgae recorded from 
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soil crusts based on morphology and ecology
22-28
. 
However, molecular phylogenetic approach of the soil 
crust cyanobacteria in India is very less, though reports 
are available on algae from stone monuments
29-31
 
description of new species and revisions
32-34
. Therefore, 
the present study is an attempt to screen UV sunscreen 
pigment scytonemin and MAAs in cyanobacteria 
isolated from a unique subaerial ecosystem of the tea 
gardens of the Darjeeling Himalayas. 
 
Material and Methods 
 
Sample Collection and Isolation  
Soil crusts samples were collected from the tea 
gardens of three different places of Darjeeling district 
in Himalayas namely Kurseong (26.87° N, 88.24 °E), 
Mirik (26.88° N, 88.18° E) and Darjeeling (27.03°N, 
88.26°E) situated in an altitude of 1458 m, 1495 m 
and 2042 m, respectively from sea level. The crusts 
were collected from 10 different locations of every tea 
garden using sterile forceps and spatula and mixed to 
make a composite sample. Crusts were dried and 
stored in sterile collection bottles. Some of the  
dried crust were soaked in BG-11 broth medium
35  
in laboratory and analyzed under microscope 
periodically and some crusts were spread on agar 
plate of same BG-11 media for further growth and 
isolation of unialgal culture. Isolated unialgal cultures 
were maintained at 25
o
C under white fluorescent light 
of 7.5 Watt/m
2
 intensity. Measurement of cell 
dimensions of cyanobacterial species were carried out 
using stage and ocular micrometers, and images  
were taken using a microscope Olympus BX-41 
equipped with Nikon 4500 coolpix digital camera. 
The isolated cyanobacteria species were identified 
morphometrically using standard literatures and 
monographs
36-37 
and their phylogeny determined 
following 16S rRNA gene sequencing.  
 
DNA Isolation and PCR  
Genomic DNA was extracted from cyanobacterial 
cells following bacterial genomic DNA isolation 
protocol. Exponentially growing cells were pelleted 
by centrifugation and re-suspended in 567 µL lysis 
buffer (10 mM Tris-HCl, pH 8.0, 1 mM trisodium 
citrate and 1.5% SDS) followed by incubation for 1 
hour at 37ºC after addition of 30 µL of 10% SDS and 
3 µL of 20 mg ml
-1
 proteinase K. To this 100 µL 5M 
NaCl was added, followed by addition of 80 µL 
CTAB/NaCl solution (10% CTAB/0.7 M NaCl) and 
incubated for 10 min at 65ºC. The lysate was 
extracted with equal volume of chloroform:isoamyl 
alcohol (24:1) and equal volume of phenol: 
chloroform:isoamyl alcohol (25:24:1). The DNA was 
precipitated with 0.6 volume isopropyl alcohol, 
washed with 70% ethanol, air dried and re-suspended 
in 100 µl TE buffer.  
PCR amplification of 16S rRNA gene of the 
experimental organisms was carried out using 
CYA359F and CYA781R (equimolar mixture of 
CYA781R-a and CYA781R-b) primers for cyano-
bacteria. Template DNA (10 ng) was added to the 
reaction mixture of total 50 µl containing 31 µl milli-
Q water, 5 µl 10X Buffer (15 mM MgCl2), 2 µl 
dNTPs (10 mM), 2.5 µl forward primer CYA359F 
and 1.25 µl each of reverse primers CYA781R-a and 
CYA781R-b, 1 µl Taq polymerase and 1 µl BSA  
(20 µg µl
-1
). Amplification was done using the PCR 
system 9700 (Applied Biosystems). Amplification 
condition were followed as - initial denaturation: 
94°C, 5 min; (melting: 94°C, 1 min; annealing: 60°C, 
1 min; extension 72°C, 1 min) x 32 cycles; final 
extension: 72°C, 20 min. The amplified PCR  
products were purified using Qiagen gel extraction kit 
and sequenced (GCC Biotech Company, Kolkata).  
 
Molecular Phylogeny 
16S rRNA gene sequences of major organisms of 
all the three regions were submitted to NCBI 
GenBank and accession numbers were obtained. 
Phylogenetic tree was constructed using these 
sequences along with other cyanobacterial sequences 
from different habitat isolated from various parts of 
the world. Only published sequences were taken in 
this study to remove any ambiguity regarding the 
validity of the sequences. Software MEGA-7 with 
neighbor joining method was used for phylogenetic 
tree formation
38
 with a bootstrap replication value  
of 1000.  
 
Absorption Spectra 
Fifty milligram of soil crusts and culture of 
respective major organisms were taken in 1.5 ml 
centrifuge tube. One ml of 90% methanol (v/v) was 
added to the crusts and cell pellet for extraction of 
chlorophyll-a, carotenoid pigments, scytonemin and 
MAAs. Pellet and crusts were crushed with 1.5 ml 
plastic micro tube pestle (HiMedia). Tubes were kept 
at 4
o
C for 20 minutes followed by keeping at room 
temperature. Then the extracts were heated gently in a 
water bath in 60
o
C for approximately two minutes and 
were again brought to room temperature. The tubes 
were centrifuged at 12,000 rpm for 10 min. 
Supernatant was collected and absorption spectra 




measured in the wavelength range of 250-750 nm 
(Shimadzu 1800 UV-VIS spectrophotometer) to 
determine the presence of different photosynthetic 
and UV absorbing pigments.  
 
Results 
Organisms occurred in soil crust in desiccated form 
are difficult to identify as they vary in their 
morphology from natural to culture habitat. Analysis 
of diversity and taxonomy is also rapidly changing 
based on molecular approach, which is sparse in 
Indian context. In the present study although 16 
cyanobacterial species (14 heterocystous and 2 non-
heterocystous) were isolated from BSCs of the three 
selected study sites under Darjeeling district of 
Himalayas, India, 3 species of Calothrix were 
observed as the dominant. Figure 1 shows the growth  
of dominant species in Petri plates that are 
characterized through morphometrically and molecular 
approach. Other cyanobacteria species were also 
recorded as the minor component or associate 
organisms in the BSCs. These associated taxa  
belong to the genera Phormidium, Porphyrosiphon, 
Scytonema, Calothrix, Microchaete, Chlorogloeopsis, 
Hapalosiphon, Anabaena and Nostoc (Fig. 2). 
 
 
Fig. 2 — (a - p): Cyanobacteria isolated from crust from tea gardens of Kurseong, Darjeeling and Mirik, West Bengal, India: a. 
Scytonema hofmannii, b. Scytonema ocellatum. c. Phormidium lusitanicum, d. Calothrix brevissima, e. Microchaete violacea, f. Calothrix 
clavata, g. Calothrix javanica, h. Calothrix braunii, i. Calothrix linearis, j. Chlorogloeopsis fritschii, k. Haplosiphon welwitschii, l. 
Porphyrosiphon notarisii, m. Nostoc punctiforme, n. Anabaena minutissima, o. Scytonema javanicum, p. Nostoc paludosum (Scale bar -
10 µm, magnification 400x). 
 
 
Fig. 1 — Petri plates showing the growth of dominant species: a. 
Calothrix brevissimma VB61314, b. Calothrix linearis VB61315, 
and c. Calothrix javannica VB61316. 




Results on agarose gel electrophoresis of isolated 
DNA and amplified PCR product of 16S rRNA genes 
showed clear distinct bands (Fig. 3). The genome size 
of three major strains were about 5 megabases (MB). 
Partially amplified 16S rRNA gene amplicons of 
strain VB61314, VB61315 and VB61316 were 301, 
313, and 308 bp long, respectively. Sequences of 
dominant Calothrix species were submitted to NCBI 
GenBank with accession no. KF499103, KF499104 
and KF499105 for Kurseong, Darjeeling and Mirik, 
respectively (Table 1). Phylogenetic tree of these 3 
major organisms were prepared by Neighbor Joining 
(NJ) method using MEGA-7 software along with 
other published similar sequences obtained through 
basic local alignment search tool (BLAST). The 
bootstrap replication value was kept 1000 for this 
analysis. All these Calothrix species clustered with 
other Calothrix, Tolypothrix, Roholtiella, Calochaetes 
and Nostoc species isolated mostly from soils of 
Sweden, Chile, Finland, Spain, Italy, Australia, Costa 
Rica, USA, New Mexico and India
39-51
. Details of these 
organisms including their 16S rRNA gene accession 
number and isolation source are given in Table 1.  
Screening of bioactive compounds using 
absorption spectra measurements of 90% (v/v) 
methanolic extract of the dried BSCs from all the 
three locations showed presence of Chlorophyl a  
(665 nm), carotenoids (504 and 470 nm) and UV 
absorbing pigment scytonemin (384 nm) and at  
310 nm due to MAAs were recorded. The ratio of 
 
 
Fig. 3 — Agarose gel electophoresis of DNA (a) and Partially 
amplified 16S rRNA gene amplicons (b) of 1. Calothrix 
brevissimma VB61314, 2. Calothrix linearis VB61315, and 3. 
Calothrix javannica VB61316. 
Table 1 — 16S rRNA sequence information of soil crust cyanobacteria retrieved from NCBI GenBank for comparison  
(* Present work). 
Organism Accession No. Isolation source Place and Refernce 
Calothrix sp. PCC 7714 AJ133164 Pool water Aldabra atoll, Indian ocean39 
Tolypothrix sp. PCC 7415 AM230668 Green house soil Stockholm, Sweden40 
Calothrix desertica PCC 7102 NR114995 Sand Antofagasta, Chile40 
Tolypothrix sp. TOL328 AM230706 Green house soil Kuopio, Finland40 
Nostoc sp. 5N-02c FR798936 Fountain  Granada, Spain41 
Calothrix parietina 2T10 FR798917 Wet biofilm on marble  Firenze, Italy41 
Calothrix sp. UAM 373 HM751855 Siliceous rock surface  Tejada stream, Madrid, Spain42 
Roholtiella fluviatilis UAM 332 HM751847 Siliceous rock surface Tejada stream, Madrid, Spain42 
Tolypothrix sp. UAM 335 HM751850 Siliceous rock surface Tejada stream, Madrid, Spain42 
Tolypothrix sp. UAM 371 HM751852 Siliceous rock surface Tejada stream, Madrid, Spain42 
Calothrix sp. HA4395-MV3 HQ847572 Bryophytes Kauai, Hawaii, USA43 
Calothrix sp. HA4186-MV5 HQ847580 log scrape Oahu, Hawaii, USA43 
Calothrix sp. HA4283-MV5 HQ847573 Waterfall Oahu, Hawaii, USA43 
Calothrix sp. HA4395-MV3 HQ847571 Bryophytes on wall Kauai, Hawaii, USA43 
Nostoc sp. LEGE 06106 HQ832907 Intertidal zone Portugal44 
Nostoc sp. CYN73 JF925315 Lake Lake Tikitapu, New Zealand45 
Calochaete cimrmanii NR117712 Soil Chirripo Mountain, Costa Rica46 
Calothrix sp. GUEco1001 KT232077 Paddy field  Assam, India47 
Roholtiella mojaviensis WJT36-NPBG5B KM268893 Soil Joshua Tree National Park, USA48 
Roholtiella edaphica RU1 KM268880 Soil Republic of Bashkortostan, Russia48 
Roholtiella fluviatilis UAM 340 HM751853 Siliceous rock surface Tejada stream, Spain48  
Calothrix sp. SEV5-4-C5 KT336448 Soil crust Sevilleta Socorro, New Mexico49 
Calothrix sp. 61.4 GU254509 Cycad Sea view range, Australia50 
Nostoc sp. CAWBG77 JX088107 Freshwater lake New Zealand51 
Calothrix javannica VB61316 KF499105 Soil crust Mirik, West Bengal, India* 
Calothrix linearis VB61315 KF499104 Soil crust Darjeeling, West Bengal, India* 
Calothrix brevissimma VB61314 KF499103  Soil crust Kurseong, West Bengal, India* 




absorbance at 384:470:504:665 nm of the dried  
BSCs and the corresponding dominant cyanobacteria 
in culture e.g. Calothrix brevissima were 
1.45:1.13:0.41:1 and 0.75:0.54:0.33:1, Calothrix 
javanica were 1.35:1.38:0.65:1 and 0.75:0.65:0.45:1 
and Calothrix linear is were 0.96:1.1:0.07:1 and 
0.92:0.73:0.58:1, respectively.  
 
Discussion 
Tea garden ecology implements compound 
cultivation. It creates a healthy environment for 
species coexistence, development of tea shrub and 
maintenance of ecosystem harmony
52
. Occurrence  
of predominantly heterocystous cyanobacteria of  
the genera Calothrix, Scytonema, Microchaete, 
Chlorogloeopsis, Hapalosiphon, Anabaena and 
Nostoc (Fig. 2) suggest their significant contribution 
of nitrogen to soil ecosystem through biological N2 
fixation. Several species of Scytonema were also 
reported earlier as dominant component of different 
soil types of India. It is also known that, 
cyanobacteria were capable of tolerating desiccation 
and occur in extreme habitats
53
. The tea gardens of 
Assam, India which were often treated with pesticides 
also harbored pesticide resistant cyanobacteria of the 
genus Nostoc, Anabaena, Aulosira, Calothrix, 
Scytonema, Tolypothrix, Hapalosiphon, Westiellopsis, 
Oscillatoria, Phormidium, Lyngbya and Microcoleus
54
. 
In present study, all the species recorded were 
filamentous, sheathed form and also contain UV 
sunscreen pigments showing their morphological 
adaptation to stress. 
Analysis of phylogenetic tree revealed that 
Calothrix linearis shared a clad with Calothrix sp. 
Calothrix brevissima made a clad with Calothrix sp. 
isolated from pool water whereas Calothrix javanica 
made a separate clad with Tolypothrix sp, Calothrix 
sp. and Nostoc sp. (Fig. 4).  
Samples collected from the BSC of the tea garden 
were mostly appear greenish or reddish brown, 
usually because of carotenoids and scytonemin 
pigments in the sheath of cyanobacteria consortium
55-56
. 
Amount of UV sunscreen pigment composition varies 
in desiccated and culture of different organisms in 
BSCs. Absorption maxima of scytonemin of the 
organisms in culture were lower compared to BSCs 
from nature suggesting the loss of UV absorbing 
pigments upon culturing of these cyanobacteria  
(Fig. 5).  
Also, the amount of scytonemin of the BSCs from 
Darjeeling was much lower than the samples from 
 
 
Fig. 4 — Neighbour-Joining phylogenetic tree of 16S rRNA 





Fig. 5 — Absorbance of 90% (v/v) methanolic extract of three 
different BSCs and their respective major organisms at different 
wavelengths corresponding to Chl a (665 nm), carotenoids  
(504 and 470 nm), scytonemin pigment (384 nm) and 
mycosporine like amino acids (MAAs) at 310 nm, a. spectra  
of crust, b. spectra of cultured major organism. 




Kurseong and Mirik that may due to the difference in 
their altitude (Fig. 5b). Mycosporine like amino acids 
are recent microbial pigments discovered and so far 
30 MAAs were recorded and studies are under 
progress. It absorbs UV light between 310 and  
362 nm
57-58
 which is detected in the cyanobacteria 
from tea gardens in present work. The results also 
showed that cyanobacteria at lower altitude face 
higher sun light and heat thus possess higher quantity 
of the sunscreen pigment. Presence of scytonemin and 
MAAs in the major organisms of algal community 
occurred in the tea garden indicating the photo 
protective potential which may be exploited 
biotechnologically in the pharmaceuticals, and UV 
sunscreen cosmetic industries.  
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